Objectives: Vertebral canal stenosis has attracted the attention of anatomists and clinician as an important structural change with significant radiological and clinical implications. Narrowing of all diameters of the vertebral foramen with age could be responsible as a factor which might produce back pain. The aim of the present study was to estimate the averages anatomical changes in the transverse and anteroposterior diameters of the lumbar vertebral canal in Egyptian population to establish a clue to the underlying some causes of the low-back pain of unknown etiology.
Introduction
Narrowing of the lumbar vertebral canal, referred to as lumbar spinal stenosis, is a rising phenomenon due to aging of the population, and has been diagnosed increasingly in the last two decades. The pathology of this disease is most typically due to degenerative changes. Haig et al. 11 and Geisser et al. 12 demonstrated that there was little relationship between central canal size and clinical symptoms among individuals with a clinical diagnosis of lumbar spinal stenosis. Amonoo-Kuofi et al. 13 and Agur 14 have reported a small and triangular vertebral foramina with "pinched" lateral angles at L5. According to the Garfin et al. 15 and Ciricillo and Weinstein, 16 stenosis of the vertebral canal in the lumbar region is a common finding in patients especially over 55 years of age.
They have also pointed out that some patients could be born with vertebral canal stenosis (congenital stenosis), but the majority of cases are acquired. Geisser et al. 12 and Zarzur 17 have stressed the fact that the shape of the human lumbar vertebral canal is not exclusively triangular and it varies at different levels.
The aim of the present study is to estimate and analyze the averages of the transverse and anteroposterior diameters of the lumbar vertebral canal and to clarify the morphological patterns of this canal in a sample of adult Egyptians of both sexes. These data may give a clue to the underlying causes of what is described as low-back pain of unknown etiology.
Materials and Methods
The present study included 100 lumbar vertebrae (L1-L5) from 20 adult skeletons and radiological examination of lumbar part of vertebral column of 200 normal living subjects.
The dry bone study
The dry bones were obtained from the Anatomy Department, Faculty of Medicine, Cairo University.
Lumbar vertebrae from L1 to L5 were first radiographed to identify any apparent internal abnormalities to be excluded from the study. Screened specimens were then prepared by completely removing any remaining soft tissue from the vertebrae by careful piecemeal dissection.
Vertebrae with abnormal external features due to trauma, degenerative changes or congenital anomalies were excluded. The dried bones were subsequently subjected to external morphometrical examinations. With the use of a sliding caliper measurements were carried out twice to exclude observer error, and the means of the recorded values were determined. The various dimensions measured in the current study for the lumbar vertebrae were according to those outlined by Amonoo-Kuofi and Panjabi et al. 7, 18 The measurements estimated from each vertebra: taken with an anode-film distance 100 cm and centered at L3 that include the whole of the lumbar vertebral column. 19 The radiographs were subjected to radiometric study with the following precautions applied:
• All measurements were made directly from plain radiographs.
• Distances were measured to the nearest 0.05 cm.
• Magnification correction factor of the radiographs which were calculated according to Milton and The actual dimension of the object filmed = the dimension seen on the film × magnification factor.
The magnification correction factor was found to be 0.86 for anteroposterior projection and 0.77 for the lateral projection.
The measurements estimated from the radiographs:
1. Transverse diameter of the vertebral body was measured according to Grados et al. 21 as the minimum distance across the waist of the vertebra (Figure 2 ).
Measurements for vertebral foramina were made
according to Amonoo-Kuofi, 7 Amonoo-Kuofi et al., 13 and Weber and deKlerk 22 including:
• Transverse diameter of the vertebral foramen 
Statistical study
Analysis of the data was done using the Statistical
Package for Social Sciences (SPSS). Frequency distribu-
tions of all variables were produced using suitable tables and graphs. All p values were based on 2-sided test, and the cutoff value for statistical significance was set at 0.05. Independent student's t-test was used to test differences between two means.
Results
In dry bones, the shape of the lumbar vertebral fora- decrease suddenly to 13.4 mm at L3 then showed a slight increase 15.4 mm at L4 and 15.6 mm at L5 ( Table 1) .
In dry bones, the study recorded that the ratio of the vertebral foramen width (VFW) to vertebral body width (VBW) was constant at both L1 and L2 levels being 0.60 but at L3 level, it showed a drop to 0.53 and then it increased again to 0.60 at L4 level and finally the ratio dropped to 0.53 at L5. In radiological study, however, the ratio was found to be decreasing from 0.57 at L1 to 0.56 at L2 and then showed sudden decrease to 0.53 at L4 and 0.51 at L5 level ( Table 2) .
According to whether the vertebral foramen width showed a relatively marked increase to 51.6 mm at L5. In females, the mean width increased also gradually from 37.5 mm at L1 to 49.4 mm at L5. Generally, the width of the lumbar vertebral bodies was greater in male than female at all lumbar levels and it was significant at L2, L3, L4 and L5; however, it was insignificant at L1
( Table 3) .
In males, the mean of the transverse diameter of the vertebral foramen (interpedicular distance) was increas- Table 2 Ratio of vertebral foramen width (VFW) to vertebral body width (VBW) of lumbar vertebrae at different levels in both dry bone (A) and radiological study (B) According to the width (transverse diameter, interpedicular distance) of the lumbar vertebral foramina (VFW), the radiological study showed the following morphological classification of the vertebral canal according to whether the canal widened, remained constant or was narrowed.
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Pattern 2:
The canal was constant from L1 to L4 then increased down to L5. This pattern was present in 10 out of 78 cases (12.8%).
Pattern 3:
The canal was constant from L1 to L3 then increased down to L5. This pattern was present in 2 out of 78 cases (2.6%).
III. Narrowing lumbar vertebral canal
This pattern occurred when the canal generally In males, the mean anteroposterior diameters of the vertebral foramina (VFD) increased from 13.1 mm at L1 to 14.6 mm at L2, then decreased gradually to 9.9 mm at L5. In females, the mean anteroposterior diameters of the foramina increased also from 13.2 mm at L1 to 13.4 mm at L2 then decreased gradually reaching 9.5 mm at L5. Comparison of the average means of the anteroposterior diameters between males and females showed significant differences at the levels of L2, L3 and L4 however, at the level of L1 and L5 the means were insignificant statistically ( Table 5 ).
Discussion
The assessment of the size of the vertebral canal is an important diagnostic procedure for low-back pain of unknown etiology. The configuration of the lumbar vertebral canal is determined by the structures bounding the successive vertebral foramina and any pathological changes in the diameter of the canal might be associated with low-back pain.
In the present study, the shape of the lumbar vertebral foramen was nearly oblong with wide transverse diameter in the upper lumbar region (L1 and L2) while in the lower region (L4 and L5) the shape of the vertebral foramen was nearly trefoil or was assumed a "Napoleon's hat-like" shape as described by Speciale et al. 8 and Panjabi et al. 18 In the mid-lumbar region (L3) the foramen was triangular. These findings are in agreement
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Lumbar vertebral canal stenosis The present study recorded that the mean width of the lumbar vertebral foramen increased gradually in both dry bones and X-rays from L1 to L5 except with a slight drop at L3 in the dry bones. This finding is in contrary to that of Amonoo-Kuofi 7 and Speciale et al. 8 who found that the width was constant in L1 and L2, then increased gradually till L5. This finding of the present study is also in contrary to the finding of Zindrick et al. 1 who have reported a decreasing diameter of lumbar vertebral foramen from L1 to L5. The present work revealed that the widest diameter was at L5 level while the narrowest was at L3 level in dry bones and at L1 in radiological images. The mean width of the vertebral foramen (as determined in dry bone and radiological study) was ranged between 21.6 to 25.1 mm. Haig et al., 11 Weinstein, 23 Verbiest, 24 and Jane et al. 25 noted that lumbar canal width, ranging from 10 to 12 mm might be associated with claudication if additional soft or hard tissue elements encroached on the canal, and they referred to this type of stenosis as "relative" canal stenosis. The diameters observed in the present study were in contrary to those of Williams et al. 26 who reported a gradual decrease in measurement between L1 and L5 level, with a greater relative width in females, however, the present study did not show any significant differences in the average widths (means) of lumbar vertebral foramina between males and females.
In the present study, the mean depth of the vertebral foramen (anteroposterior diameter) showed different values through out lumbar canal. In the dry bone study, the mean depth showed an increase from 14.9 mm at L1 to 15.6 mm at L5, with a slight drop at L3 level. This is in agreement with Amonoo-Kuofi 9 who has reported a similar finding. In the radiological study the mean depth in males showed an initial increase from 13.1 mm at L1 to 14.6 mm at L2, then decreased gradually reaching 9.9 mm at L5. In females the depth of the vertebral foramen showed an initial increased from 13.2 mm at L1 to 13.4 mm at L2 then dropped to 11.5 mm at L3 and finally reached to 9.5 mm at L5. The deepest vertebral foramen was 14.6 mm at the level of L2 in radiological study, while it was 15.6 mm at the level L5 in dry bone study.
Narrowest anteroposterior diameter of the vertebral foramen was 9.9 mm at the level of L5 in radiological study while it was 13.4 mm at the level of L3 in dry bone study. While comparing, the average means of the anteroposterior diameters between males and females, the present study showed significant differences at the levels L2, L3 and L4 however, at the levels of L1 and L5 the means were insignificant. As reported in the literature, the average anteroposterior diameter of the lumbar canal in adults ranged from 15 to 23 mm or between 15-19 mm as recorded by Rothman et al. 23, 27 However, in the current study it ranges between 9.9 and 15.6 mm and is less than the earlier findings.
Geisser et al., 12 and Shatzkir and Pennal Correlation between the width of the lumbar vertebral canal and that of the vertebral bodies showed a positive relation, where the interpedicular diameter proportionally increased with the transverse diameter of the body. This is in accordance with the concept of Weisz and Lee. 35 This relation is so steady that the ratio between the two was found to be constant (0.6) only at L1, L2 and L4. This ratio is equal to that estimated in Nigerians 7 and Saudis, 13 which was also 0.6 in both cases.
In this study, at L3 and L5 the ratios are different and both are equal, being 0.5 and this signifies that at these two levels the vertebral bodies are larger than the canal and are thus susceptible to stenosis. In radiological study, the ratio between the width of lumbar vertebral canal and lumbar vertebral body is also 0.6 at L1, L2 and L3
but it becomes 0.5 at L4 and L5.
Conclusion
The present study has shown a narrower depth of the This study has also shown that the ratio between the width of body and foramen of lumbar vertebrae remains constant. Any changes in this ratio may predict any lumbar vertebral anomalies or vertebral canal stenoses.
